Mapping the Spatial Movements, Behaviors, and Interactions of Captive Orangutans using Terrestrial Laser Scanning and GIS by Smith, Zachary Joseph
University of South Florida
Scholar Commons
Graduate Theses and Dissertations Graduate School
4-22-2014
Mapping the Spatial Movements, Behaviors, and
Interactions of Captive Orangutans using
Terrestrial Laser Scanning and GIS
Zachary Joseph Smith
University of South Florida, zsmith@mail.usf.edu
Follow this and additional works at: https://scholarcommons.usf.edu/etd
Part of the Ecology and Evolutionary Biology Commons, Environmental Sciences Commons,
and the Social and Behavioral Sciences Commons
This Thesis is brought to you for free and open access by the Graduate School at Scholar Commons. It has been accepted for inclusion in Graduate
Theses and Dissertations by an authorized administrator of Scholar Commons. For more information, please contact scholarcommons@usf.edu.
Scholar Commons Citation
Smith, Zachary Joseph, "Mapping the Spatial Movements, Behaviors, and Interactions of Captive Orangutans using Terrestrial Laser
Scanning and GIS" (2014). Graduate Theses and Dissertations.
https://scholarcommons.usf.edu/etd/5312
 
 
 
 
 
Mapping the Spatial Movements, Behaviors, and Interactions of 
 
Captive Orangutans using Terrestrial Laser Scanning and GIS 
 
 
 
by 
 
 
 
Zachary Joseph Smith 
 
 
 
A thesis submitted in partial fulfillment 
of the requirements of the degree of 
Master of Science 
School of Geosciences 
with a concentration in Ecology and GIS 
College of Arts and Sciences 
University of South Florida 
 
 
 
Major Professor: Joni Downs, Ph.D. 
Lori Collins, Ph.D. 
Philip Van Beynen, Ph.D. 
 
 
 
Date of Approval: 
April 22, 2014 
 
 
 
Keywords: terrestrial laser scanning, LiDAR, animal behaviors, density 
estimations, Bornean orangutans, zoo exhibits 
 
Copyright © 2014, Zachary Joseph Smith 
 
  
ACKNOWLEDGMENTS 
 
 I wish to thank my thesis committee, Dr. Joni Downs, Dr. Lori Collins, 
and Dr. Philip Van Beynen, for their guidance and instruction throughout my 
education in graduate school. Dr. Joni Downs has always been a terrific, 
supportive, and responsive advisor and mentor with great ideas. Dr. Lori 
Collins’s student outreach, collaboration, and ideas were also essential for this 
project. I am indebted to the entire innovative team of the Alliance For 
Integrated Spatial Technologies (AIST): Dr. Lori Collins, Dr. Travis Doering, 
Dr. Jeffrey DuVernay, Steven Fernandez, James McLeod, Joseph Conrad, and 
Joseph Evans for their support and expertise in the areas of GIS, 3D modeling, 
data conversion, and laser scanning. Thank you to Tampa’s Lowry Park Zoo 
and their primate care staff for graciously allowing us to laser scan their 
exhibit, study their orangutans, and for their communication. Lastly, thank 
you to the Fred L. and Helen M. Tharp Endowed Scholarship Fund for partially 
funding this research project through its contributions to student research. 
 
 
  
TABLE OF CONTENTS 
 
LIST OF TABLES .................................................................................. iii 
 
LIST OF FIGURES ................................................................................ iv 
 
ABSTRACT ......................................................................................... vii 
 
CHAPTER 1: INTRODUCTION .................................................................. 1 
Research Design .......................................................................... 2 
Justification and Rationale ............................................................. 3 
 
CHAPTER 2: LITERATURE REVIEW .......................................................... 5 
Behavior of Captive and Wild Orangutans ........................................ 5 
Mixed-Species Zoo Exhibits ........................................................... 6 
Ethogram Studies ......................................................................... 8 
Spatial Analysis of Orangutan Habitat ............................................. 9 
Mental & Physical Enrichment ...................................................... 11 
 
CHAPTER 3: STUDY AREA .................................................................... 14 
Figures ..................................................................................... 15 
 
CHAPTER 4: METHODS ........................................................................ 17 
Mapping, Modeling, and GIS ........................................................ 17 
Data Collection .......................................................................... 20 
Data Analysis ............................................................................. 21 
Tables and Figures ..................................................................... 22 
 
CHAPTER 5: RESULTS ......................................................................... 25 
Interaction ................................................................................ 27 
Locomotion ............................................................................... 28 
Behavior ................................................................................... 29 
Sexual Behavior ......................................................................... 30 
Density Mapping ........................................................................ 31 
Tables and Figures ..................................................................... 33 
 
CHAPTER 6: DISCUSSION ................................................................... 51 
Spatial Use ................................................................................ 51 
i 
Behavior and Distribution ............................................................ 53 
Female Cooperation .................................................................... 55 
Sexual Behavior ......................................................................... 56 
Effects of Observation ................................................................. 57 
Exhibit Environment ................................................................... 58 
Species Cohabitation .................................................................. 60 
 
CHAPTER 7: CONCLUSION ................................................................... 61 
Future of Spatial-Behavioral Mapping of Primates ........................... 62 
 
LITERATURE CITED ............................................................................. 66 
 
APPENDIX: ADDITIONAL TABLES .......................................................... 70 
 
 
 
 
 
  
ii 
 
 
 
 
LIST OF TABLES 
 
Table 1. Life history details of study sample of Bornean orangutans .......... 22 
 
Table 2. Schedule of observations with field notes .................................. 22 
 
Table 3. Definitions of behavioral categories (ethogram) ......................... 23 
 
Table 4. Schedule of observed enrichment activities and materials ........... 24 
 
Table 5. Average percent of total observation time spent interacting ......... 33 
 
Table 6. Average percent observation time spent performing 
locomotion ............................................................................ 34 
 
Table 7. Average percent observation time spent performing  
behaviors .............................................................................. 34 
 
Table 8. Weather details of the study .................................................... 70 
 
Table 9. DeeDee’s activity budget percentages according to day ............... 71 
 
Table 10. Goyang’s activity budget percentages according to day ............. 72 
 
Table 11. Hadiah’s activity budget percentages according to day .............. 73 
 
Table 12. Josie’s activity budget percentages according to day ................. 74 
 
Table 13. Randee’s activity budget percentages according to day ............. 75 
 
 
 
 
  
iii 
  
LIST OF FIGURES 
 
 
Figure 1. Aerial photo of orangutan exhibit at Tampa's Lowry 
      Park Zoo .............................................................................. 15 
 
Figure 2. Ground photo of orangutan exhibit at Tampa's Lowry  
 Park Zoo .............................................................................. 16 
 
Figure 3. Photo of an adult female orangutan with her infant ................... 25 
 
Figure 4. Photo of an adult male orangutan (15 years+). ......................... 26 
 
Figure 5. Percent locomotion per crowd category. ................................... 35 
 
Figure 6a. Primary Interaction: Interactions that involve physical 
 contact and/or communication.............................................. 36 
 
Figure 6b. Secondary Interaction: Interactions defined by being 
 within arm’s length of another individual without 
 touching or communicating. ................................................. 37 
 
Figure 7a. Aerial and 3D maps displaying ‘Affection’ locations .................. 38 
 
Figure 7b. Aerial and 3D maps displaying ‘Conflict’ locations (Attack/ 
 Display/Threat, Submission/Avoidance) ................................. 39 
 
Figure 7c. Aerial and 3D maps displaying ‘Consumption’ locations 
  (Feed, Drink) ...................................................................... 40 
 
Figure 7d. Aerial and 3D maps displaying ‘Grooming’ locations 
 (Groom other, Self-groom, Scratch) ...................................... 41 
 
Figure 7e. Aerial and 3D maps displaying ‘Manipulation’ locations 
(Manipulate/Investigate) ...................................................... 42 
 
 
 
 
iv 
Figure 7f. Aerial and 3D maps displaying ‘Other behaviors’ 
   locations (Sun cover, Urination/Defecation, Other, 
   Wearing clothing) ................................................................. 43 
 
Figure 7g. Aerial and 3D maps displaying ‘Play’ locations ......................... 44 
 
Figure 7h. Aerial and 3D maps displaying ‘Sexual behavior’ locations ........ 45 
 
Figure 8a. Three-dimensional density map of DeeDee’s total 
 locational observations rendered in Voxler ............................. 46 
 
Figure 8b. Three-dimensional density map for Goyang ............................ 47 
 
Figure 8c. Three-dimensional density map for Hadiah ............................. 48 
 
Figure 8d. Three-dimensional density map for Josie ................................ 49 
 
Figure 8e. Three-dimensional density map for Randee ............................ 50 
  
v 
  
ABSTRACT 
 
Five captive Bornean orangutans (Pongo pygmaeus) were observed in 
order to better understand their spatial selection, behavior, and interaction 
with their environment and each other. A newly introduced adult male's 
interactions with a female group containing two adults, one adolescent, and 
one juvenile, was documented. Visual observations were performed to 
document individual behaviors, along with any interactions with silvery langur 
monkeys, public crowd levels, temperature, and enrichment props. Methods 
included 15 observation periods, 0.5-3 hours in length each, during which 
behaviors were verbally and visually confirmed using a HD video camera. 
Spatial locations of each individual were recorded every three minutes during 
each observation period. The orangutan enclosure was measured and mapped 
using terrestrial laser scanning (TLS), and observed behaviors and spatial 
locations were georeferenced to the resulting 3D model depicting the exhibit. 
Results were summarized as time-activity budgets and were geo-visualized 
using 3D plots and density maps. This research demonstrated how the 
application of spatiotemporal and behavioral analysis coupled with TLS and 
three-dimensional modelling can be used to better study captive primates. 
vi 
These types of studies are important as zoos increasingly become home to 
great ape species. 
vii 
  
CHAPTER 1: 
INTRODUCTION 
 
Captive orangutans live in a variety of artificial habitats that differ in 
their arrangement, enrichment props, and naturalism. As orangutans possess 
a variety of behaviors comparable to the complexity of humans, an 
understanding of how captive individuals utilize these artificial environments 
is important for promoting their overall health and well-being. Studies of the 
behaviors and movement patterns of orangutans and other primates are 
useful for determining how they interact with one another and their 
environment (Edwards and Snowdon, 1980; Quick, 1984; Chalmeau et al., 
1997; Hosey, 2005; Jaeggi et al., 2010; Descovich et al., 2011; Krützen et 
al., 2011). Most orangutan research coupling behavioral and spatial analysis 
has been conducted on wild individuals, including those living in protected 
areas in Borneo and Sumatra (Singleton and van Schaik, 2001; Ancrenaz et 
al., 2004; Thorpe and Crompton, 2005). Although a more microcosmic 
approach involving geographic information systems (GIS) and captive 
orangutans is not currently a large area of research, information on the space-
use patterns of captive individuals could yield a greater understanding their 
needs and preferences in terms of enclosure design and enrichment. In light 
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of this, this author pursued a deeper understanding of the spatial movements, 
activities, and interactions of captive orangutans with a view toward 
promoting their conservation and management. 
Time-activity budgets and spatial movements were documented for five 
captive orangutans living at Tampa’s Lowry Park Zoo, including four females 
and a newly introduced male. Behaviors, interactions, and spatial locations 
were documented through visual observations of all individuals. Observations 
were georeferenced to a detailed three-dimensional model of the exhibit that 
was created using terrestrial laser scanning. Three-dimensional plots and 
density maps depicting detailed space-use and behavioral patterns of the 
orangutans were generated using GIS. The results of the analysis quantified: 
(1) how much time orangutans spent on each behavior, including interactions 
with the environment, props, silver langur monkeys, or one another; (2) the 
spatial locations most commonly occupied; and (3) which behaviors and 
interactions were most associated with each part of the artificial habitat. 
Research Design 
Problem Statement: This study aimed to demonstrate how visual 
observations coupled with three-dimensional terrain models derived from 
terrestrial laser scanning can be used to study the interactions, locomotions, 
and behaviors of captive orangutans. 
 
2 
Overall objectives of this research project were as follows: 
(1) Examine the viability of terrestrial laser scanning to generate a detailed 
three-dimensional terrain model of an orangutan zoo enclosure 
(2) Examine the viability of three-dimensional activity mapping for orangutans 
within zoo enclosures 
(3) Analyze the time each orangutan spent performing interaction, 
locomotion, and behaviors 
 
Results of the objectives were used to address the following research 
questions related to orangutan behavior and movements: 
(1) What areas were preferred by each individual orangutan? 
(2) How does crowd intensity affect locomotion of orangutans? 
(3) How much time does each orangutan spend performing locomotion, 
interaction, and behaviors? 
(4) How did exhibit design affect orangutan spatial selection? 
 
Justification and Rationale 
This research was significant because it was performed to produce 
something useful or beneficial to primate husbandry, contribute to enhancing 
the quality of captive orangutans’ lives, provide insight into the effects of the 
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design of primate enclosures, and quantify how the orangutans chose to spend 
their time. The results of this study also added to the behavioral research of 
orangutans using a new and different approach and further expanded the 
application of GIS into animal research. GPS tracking techniques are popular 
for tracking animals through time and space to create density maps, but the 
practice of attaching GPS devices to great apes is impractical. Recording the 
time-geography of a small group of orangutans in a tenable setting such as a 
zoo was a new approach to this area of research by emulating or replacing 
GPS tracking technique with direct observation of locations for mapping 
purposes. This technique avoided any invasive or uncomfortable GPS devices 
from being used, which would have required high precision equipment to be 
useful in the small study area. Vertical structures of the exhibit would also 
impede satellite signaling. Since female orangutans may form small groups in 
the wild with their young included, this sample of individuals should reflect 
their average group-size dynamics soundly, especially with the introduced 
male having no male rivals. 
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CHAPTER 2: 
LITERATURE REVIEW 
 
Behavior of Captive and Wild Orangutans 
Orangutan behavior became an increasingly important topic of study in 
the 1980’s. Zoo environments around the world were being used to research 
captive orangutans. Behavioral research in zoos has made important 
contributions to our understanding of behavioral biology, with an advantage 
being that observers can “detect subtle behaviors which may well be missed 
in the wild” (Hosey, 2005). In Singapore, the behavior of 12 orangutans was 
observed on a 450 m2 island at the Singapore Zoological Gardens. Play 
decreased as males became older and became absent in males over 16 years 
old. However, the older the males became, the more time they spent in arm’s 
length proximity to other individuals while making less physical contact (Poole, 
1987). Their study showed the importance of social interaction of orangutans 
in captive environments, despite their solitary nature. In 1979, two captive 
groups (one adult, one juvenile) were observed and similarly, the adult group 
spent 19.4% more time in close proximity to other group members, while 
juveniles spent 3.3% more time in direct physical contact with other group 
members (Edwards and Snowdon, 1980).  
5 
Research over the past 20 years or so has not given a clear picture of 
what effect zoo visitors have on primates and “the possibility that audiences 
might be enriching for some zoo primates” has not been thoroughly tested 
(Hosey, 2005). A recent study had good evidence that the behavioral 
differences between different populations of wild orangutans were only 7% 
due to genetic differences and more than 25% environmental differences, 
which demonstrates “developmental plasticity”. These findings suggest that 
variance in orangutan behavior is shaped largely by culture (Krützen et al., 
2011). Another study examined discrete behavioral variants in orangutans 
(e.g., “kiss-squeak with leaves”, “slow loris eating”, “leaf gloves”, etc.) and 
discovered “a correlation between geographic distance and cultural difference” 
(van Schaik et al., 2003). 
Mixed-Species Zoo Exhibits 
Zoos can benefit from placing multiple species within the same 
enclosure. For primates, this can mean placing together different phylogenetic 
classifications, such as great apes, lesser apes, monkeys, or prosimians. There 
are currently not many studies examining the effect of mixing primate species 
within an enclosure. There is no specific cohabitation that is required for any 
given species and studies analyzing mixed species on exhibit vary in what 
species are being studied. An Australian researcher studied the behavior and 
interaction of two Sumatran orangutans with two siamangs and found 
evidence of frequent affiliative interactions between one orangutan and both 
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siamangs and an absence of aggression. This involved physical contact as well 
as uninhibited and unsegregated spatial use. However, four months after the 
study, a siamang suffered a bone fracture and canine marks were found in the 
back of an orangutan’s head (Pearson et al., 2010). 
Many zoos that exhibit monkeys often mix together different species. 
Cohabiting captive capuchin and squirrel monkeys were studied in order to 
identify welfare problems that might result from interspecific aggression. The 
two species occupied the same portions of the exhibit during 79% of 
observational scans with minimal levels of aggression (Leonardi et al., 2010). 
A different study found the gradual introduction of red-capped mangabeys to 
a group of black and white colobus, mandrills, and sooty mangabeys resulted 
in mainly changing the behavior and exhibit use of the sooty mangabeys, a 
closely related allopatric species to the red-capped mangabey (Wojciechowski, 
2004).  
Goeldi’s monkeys and pygmy marmosets were studied in a mixed-
species exhibit. These species are sympatric, though there is little evidence of 
interaction in the wild (Dalton and Buchanan-Smith, 2005). It was discovered 
the marmosets acted submissively and each species utilized the enclosure 
differently (although, similar to use in the wild), “a factor that may have 
contributed to a peaceful co-existence in the exhibit” (Dalton and Buchanan-
Smith, 2005). Given the great complexity and variation in primate behavior, 
culture, and social organization across species, the mixing of species and its 
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success depends on various circumstances. Despite the risks, studies 
presented here argue that the primates benefited from the species mixing as 
a form of enrichment.  
Ethogram Studies 
Ethograms are a useful tool for capturing specific or general ranges of 
behavior in many primates, and are prevalent in orangutan observational 
studies. An ethogram is a list and description of the observed behaviors of a 
species. Their application has helped researchers quantify and understand 
aspects of orangutan social nature and how they behave in different 
environments. One approach has been to categorize behaviors as active or 
passive in a study that determined that more social activities, larger 
enclosures, and larger numbers of moveable objects increased orangutan 
activity levels (Perkins, 1992). In a study that measured the use of vertical 
space of three orangutans in a zoo habitat, researchers used an ethogram  
that categorized behavior as social active/inactive and solitary active/inactive, 
similarly (Hebert and Bard, 2000). In order to understand the similarities 
between the evolution and dissemination of cultural activities among different 
wild orangutan populations, behavior categories were highly specialized and 
reflected wild orangutan proclivities. This included rare behaviors such as, 
“use leaf to clean body surface” (van Schaik et al., 2003).  
Orangutans are known to innovate new behaviors on the fly, share these 
innovations with their groups, and have sometimes different innovations when 
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comparing wild and captive orangutans (Lehner et al., 2010).  Ethograms can 
be specifically crafted for orangutans in different age groups, as demonstrated 
with Descovich et al.’s study, as they recorded the behaviors of 40 juvenile 
orphaned Bornean orangutans during 3 forest excursions each to determine if 
their skills were appropriate for survival (2011). Ethograms can sometimes be 
narrowed to focus on feeding, resting, traveling, and socializing when 
developing activity budgets. This method was used recently to compare Pongo 
pygmaeus and Pongo abelii in the wild (Morrogh-Bernard et al., 2009). When 
testing the efficacy of a touchscreen computer as enrichment the ethogram 
was limited to focus on levels of aggression, stereotypic behaviors, and 
distress-related behaviors, which did not change much (Perdue et al., 2012). 
It is clear from this literature that ethograms are a valuable and flexible tool 
that can aid tremendously in observation, especially if appropriately 
customized for specific needs.  
Spatial Analysis of Orangutan Habitat 
Zoo orangutans have been studied before by recording compartmental 
spatial use, activity profiles, and interaction to understand social behavior 
(Edwards and Snowdon, 1980). In Sumatran swamp forest, transects were 
plotted and wild orangutans were followed in order to create home range 
estimations and understand their determinants (Singleton and van Schaik, 
2001). Nests were recorded by observation from a helicopter in Sabah, 
Malaysia, totaling 6,936 nests found, and were used to create a distribution 
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map of 16 major orangutan populations (Ancrenaz et al., 2004). Orangutan 
density in the Leuser Ecosystem, Sumatra was found to be related to the 
density of large strangling figs and topsoil pH, also using a transect system 
and calculating orangutan density by nest counting based on a line transect 
formula (Wich et al., 2004). Orangutans in the same ecosystem were also 
studied “to identify key associations between locomotion, canopy level, 
support use, and contextual behavior” (Thorpe and Crompton, 2005). Density 
maps were created for the Forests of Ulu Segama Malua, Sabah, Malaysia 
again using transects and nest counting and were compared to active logging 
areas. 
The maps demonstrated that lightly and sustainably logged forests can 
help maintain orangutan populations (Ancrenaz et al., 2010). Human-
orangutan conflict and hunting in Kalimantan, Indonesia pose a serious threat 
to their existence (Meijaard et al., 2011). In 2008 – 2009, researchers 
interviewed 6,983 people in the three Kalimantan provinces. This aided in 
creating a distribution, crop-raiding intensity, and reported orangutan-killings 
map (Meijaard et al., 2011). GIS and remote sensing is increasingly utilized 
in the new millennium for great ape research and conservation in a variety of 
ways. Remote sensing has been used in recent years for chimpanzee habitat 
assessment and monitoring as well as for behavioral analyses. Airborne and 
orbital Light Detection and Ranging (LiDAR) are increasingly used for targeted 
landscape monitoring as technology becomes more accessible and efficient 
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(Pintea, 2007; Nagendra et al., 2012). Close range terrestrial laser scanning 
(TLS) is an emerging technology that can be used to scan small areas and 
objects to create detailed 3D models of environments with extreme accuracy 
(Collins et al., 2010). 
Ranging, behavior, distance from neighboring communities, vegetation 
types, and topography are a few useful items provided by GIS and remote 
sensing that can aid in conservation efforts (Pusey et al., 2007).  New 
techniques of time geography are being developed to characterize the spatial 
distribution of aquatic, terrestrial, or air-traveling animals over a fixed time 
frame using GPS (Downs, 2010; Downs et al., 2011). GPS tracking of primates 
is not a large area of practice but has been gaining more investigation in recent 
years. Great ape species are too intelligent and sociable for a bulky GPS collar 
and primates in general usually inhabit dense forests which disrupt satellite 
signals used in GPS tracking. However, it has been successful when used on 
baboons since they typically inhabit relatively open environments and are 
monkeys (Markham and Altmann, 2008). 
Mental & Physical Enrichment 
Over the decades ape enrichment has grown increasingly scrutinized 
since the Animal Welfare Act of 1985 was amended for the improvement of 
the overall well-being of captive nonhuman primates in the United States. 
Captive orangutan populations now require environmental enrichment for 
their psychological well-being and are provided furnishings that add 
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complexity to their environment (Videan et al., 2005). Even prior to the 
amendment, researchers were trying to determine what constituted a properly 
enriched or impoverished environment. Early findings suggested a necessity 
for moveable objects within the enclosure, as they carried the most benefit 
(Wilson, 1982). A decade later, it was found that collinearity, expanded 
exhibits, and opportunities for interaction was effective in increasing activities 
(Perkins, 1992). During that time, there was an ongoing debate pertaining to 
the construction of ape exhibits. One approach was to create a natural physical 
and social setting of apes as to reproduce their life in the wild. Another 
approach was to give the apes the opportunity to exert some control over their 
environment, which involves an apparatus that requires the animals to exert 
certain behaviors for food (Quick, 1984).  
An experiment examined the effects of using a computer-joystick 
system on captive orangutans as enrichment, ultimately to find that 
monopolization occurred with increases in anxiety and aggression and noted 
it would be best suited for singly caged orangutans (Tarou et al., 2004). 
Captive orangutans offer an opportunity to study both behavioral biology and 
what enrichment benefits their species most. Many animal care providers 
qualitatively obtain the food preferences of captive apes. For this reason, a 
study was performed using 9 orangutans from Zoo Atlanta, in which their food 
preferences were quantitatively investigated for their stability over time. 
Results showed that orangutans clearly preferred apples most, but there was 
12 
significant variability in preference and preference changed over time. It was 
determined that regular assessments can help provide the best rewards for 
operant conditioning (Clay et al., 2009). 
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CHAPTER 3: 
STUDY AREA 
 
The study area consisted of the orangutan exhibit at Tampa's Lowry 
Park Zoo in Tampa, Florida (Figure 1). Tampa is an area with a humid 
tropical/subtropical climate and a hot rainy season during June through 
September accompanied by tornadoes, tropical storms, and hurricanes. This 
exhibit was open to the outdoors and was subject to Florida weather 
conditions. It had a very natural look as well as including Florida-tolerant 
plants, enrichment props, fire-hose, a waterfall, a rocky landscape, and 
wooden posts. There was a moated buffer zone that the waterfall drains into. 
The enclosure was vertically elaborate and highly complex (Figure 2). It was 
state-of-the-art – established to emphasize the arboreal preference of 
orangutans.  
The main structure contained two primary elevated wooden platforms, 
as well as two hammocks and horizontal posts for additional footing. The 
enclosure had a 2D aerial footprint of 338 m2 with a perimeter of 125 m. Its 
structure was roughly 11.5 m tall, excluding the moat system. There was an 
access gate located beside the enclosure for entrance into a night-house and 
was out of public view. The enclosure was used for dispersing food in the 
14 
morning and afternoon and may have contained additional enrichment objects 
throughout the week, such as food treats, puzzles, toys, boxes, clothes, and 
paper bags. 
Figures 
 
Figure 1. Aerial photo of orangutan exhibit at Tampa's Lowry Park Zoo. 
Courtesy of Google Earth. 
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Figure 2. Ground photo of orangutan exhibit at Tampa's Lowry Park Zoo. 
Courtesy of Google Earth. 
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CHAPTER 4: 
METHODS 
 
This study explored the spatial movements, behaviors, and interactions 
of captive orangutans at Tampa’s Lowry Park Zoo.  The sample consisted of 
the four female orangutans (P. pygmaeus) including two adults, one 
adolescent, and one juvenile (daughters) (Figure 3). Additionally, a male 
orangutan (Figure 4) was introduced less than a month prior to beginning 
observation. Observations were meant to be inconspicuous and not to alter 
orangutan behavior. All communication with the orangutans was withheld in 
order to casually habituate with the group. The orangutans that were 
occupying Lowry Park Zoo are named “DeeDee”, “Josie”, “Randee”, “Hadiah”, 
and “Goyang” and are Bornean (Table 1). 
Mapping, Modeling, and GIS 
First, a detailed map of the orangutan exhibit needed to be created to 
record observed individual locations, behaviors, and interactions. The 
preferred method of creating an accurate map was to use high-precision 
phase-shift terrestrial laser scanning (TLS) that mapped the entire exhibit in 
3D and provided precise spatial accuracy (within 2mm) with color-photo 
overlay. Terrestrial laser scanning involves measuring the distance to a 
17 
surface by sending out an infrared laser that is then reflected back to the 
system. The distance is measured by analyzing the shift in the wavelength of 
the return beam (Collins et al., 2010; 2012; Paschotta, 2014). The result was 
a point cloud representing objects that the laser came into contact with in the 
environment. The device used was the FARO Focus3D 120 (meters). This 
method accounted for every feature and prop in the exhibit, georeferenced 
with X, Y, and Z spatial coordinates. 
There were a total of 15 scans that took place when the orangutans 
were temporarily kept off exhibit, with some taking place within the exhibit 
and others in the adjacent public viewing area. This was done in order 
completely capture all portions of the exhibit by scanning at several angles. 
The entire process was completed within less than two hours. Using FARO 
Scene, the corresponding software for the laser scanner, the point data was 
imported. Each scan contained its own coordinate system with the scan 
location as the origin. The scan data was then registered to one scan’s origin 
using automated selection by the software, thus creating a global coordinate 
system. Registration of the 15 scans was possible due to external reference 
objects (white spheres) placed in the exhibit during scanning which helped 
align the point clouds. 
Once registered globally, the point data was then exported as ‘.XYZ’ 
format and imported into Geomagic Studio 2012, a powerful 3D modeling 
software. Within this software, the point cloud was converted to a polygonal 
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mesh called a triangulated irregular network or TIN.  Then, the number of 
triangles were decimated to around 65,000 to reduce the size of the file. To 
maintain a good representation, relevant features, such as wooden beams and 
nets, were then refined and smoothened. Once completed, the data was 
exported from Geomagic as a ‘.3DS’ file and imported into ArcScene 10.1. 
Within ArcScene, additional features not captured in the TIN were manually 
added, including any missed wooden beams and ropes. 
Wooden beams were added by extruding points or creating lines, and 
then using a 3D buffer tool. The 3D buffers were converted to 3D multipatches. 
Ropes were added by connecting points together as lines, and then manually 
lowering points along the line to create a slope effect. Additionally, the 
projection for the mesh needed to be defined and was projected to a state 
plane coordinate system (NAD 1983 StatePlane Florida West FIPS 0902), thus 
providing real world spatial accuracy. The mesh model was then converted to 
a multipatch feature class for use in ArcGIS and analysis.  
The next step was to develop a procedure for georeferencing the 
locational data and storing the behavior and interaction data to be collected 
for the orangutans. First, a three-dimensional vector plot with a 0.5 m spatial 
resolution was created for the extent of the exhibit. Second, a spatial-
behavioral database to house ape data was created. The database was created 
as a point feature class and included many fields: name, locomotion, 3 
behavior fields, time, date, langur presence, crowd level, weather, 
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temperature, comments, enrichment, point ID, and interaction columns based 
on troop members or langurs. Data was entered as a behavior or locomotion 
class, either in a binary or nominal format. The orangutan point feature class 
and all other features were contained in a file geodatabase within ArcGIS for 
data management. 
Data Collection 
The 3D terrain model produced was used to log the location of each 
orangutan as a point. All orangutans within the enclosure were observed 
during 0.5 to 3 hour-long periods on 15 different occasions (Table 2, Table 4).  
The observation times were selected randomly within a 2 month period. 
During each data collection session, the location of each orangutan was 
recorded every 3 minutes through direct observation from in front of the 
exhibit using a Canon HD video recorder. Instantaneous behaviors of each 
orangutan were recorded for each geocoded location, aided by verbal 
confirmation. A list of potential behaviors were summarized as an ethogram 
(Table 3). 
The ethogram included 28 behaviors collated from a variety of previous 
orangutan studies, which was divided into locomotive and behavioral subsets. 
Orangutans were considered primarily interacting if they were physically 
touching or communicating and secondarily interacting if they were sitting 
within arm’s reach of another ape. Interactions were noted in the database 
using binary in the column of the ape the individual interacted with. Data also 
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included interaction with silvery langur monkeys. A time-activity budget 
approach was used (Leger, 1977), where behaviors of all individuals were 
recorded every 3 minutes for 0.5-3 hours (Table 2). Any additional exhibit 
changes by the zoo staff were noted for each observation. 
Data Analysis 
Once data gathering was complete the information was transcribed from 
video data to digitized point data using the 3D vector plot to assign spatial 
locations to the orangutan point file, along with corresponding attribute data. 
Three-dimensional kernel density estimation (using 1 meter distance) was 
used in Voxler 3.3.1843 (64-bit) by Golden Software Incorporated to create 
the density maps for individuals, showing areas most frequented by the 
individual orangutans. Interaction maps, and behavior maps depicting the 
total group, were also created in ArcScene. 
By using this analysis, it was possible to determine the most occupied 
areas of the enclosure for each individual, as well as map where different 
behaviors and interactions occurred. The more detailed behavioral data were 
summarized as time-activity budgets. Time-activity budgets summarized the 
proportion of time spent by individuals in each activity (e.g. 10% feeding). 
Time-activity budgets were created by calculating the proportion of time spent 
performing locomotion, and separately, behaviors by an individual according 
to session. The proportions from each session were then averaged and 
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standard deviations were calculated. Interactions were counted and used to 
calculate proportions. 
Tables and Figures 
Table 1. Life history details of study sample of Bornean orangutans. 
Sex Class Name Born From Arrived 
1.0 Rango (Deceased) 12/1974 - 05/2012 Hogle Zoo 02/1988  
 
1.0 Goyang 06/21/1999 Pittsburgh Zoo 07/2013 
 
0.1 DeeDee 01/1980 Dallas Zoo 03/1988 
 
0.1 Josie 04/1985 San Diego Zoo 11/1988 
 
0.1 Hadiah 09/12/2005 Lowry Park Zoo Rango/Josie 
 
0.1 Randee 08/08/2008 Lowry Park Zoo Rango/DeeDee 
 
Table 2. Schedule of observations with field notes. 
Date Start Time End Time Duration 
(min) 
Langurs 
Present 
Weather Average 
Temperature 
7/24/2013 1235 1335 60 No Sunny 85°F 
7/24/2013 1423 1456 33 No Sunny 90°F 
7/30/2013 1120 1223 63 Yes Sunny 86°F 
7/30/2013 1500 1600 60 Yes Sunny 84°F 
7/31/2013 1557 1642 45 Yes Sunny 92°F 
8/10/2013 1331 1434 63 Yes Sunny 89°F 
8/10/2013 1517 1711 114 Yes Sunny, light rain 90°F 
8/11/2013 1102 1305 123 Yes Sunny 86°F 
8/12/2013 1153 1311 78 Yes Partly cloudy 88°F 
8/19/2013 1011 1253 162 Yes Partly cloudy 86°F 
8/22/2013 1609 1651 42 Yes Partly cloudy, overcast, rain 83°F 
8/29/2013 948 1130 102 Yes Sunny 84°F 
9/02/2013 1351 1549 118 No Partly cloudy 90°F 
9/13/2013 1227 1400 93 Yes Partly cloudy 87°F 
9/13/2013 1430 1530 60 Yes Partly cloudy, stormy 82°F 
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Table 3. Definitions of behavioral categories (ethogram). 
 
LOCOMOTOR: 
1. Travel: Brachiating, walking, running, or climbing one or more meters. 
2. Hanging: Hanging below an item using hands or legs or both 
3. Stand: Remaining relatively motionless in bipedal or quadrupedal stance. 
4. Sit: Remaining essentially motionless with body weight resting primarily on 
buttocks. 
5. Lying/Sleeping: Remaining essentially motionless with body weight resting 
primarily on back or side. Lying with eyes closed, and exhibiting little movement, 
neck relaxed. 
 
BEHAVIORAL: 
6. Copulation: Intromission and thrusting (male) or remaining relatively motionless in 
a crouched position during intromission (female). 
7. Mount: Positioning body for copulation. 
8. Attack/Display/Threat: Includes lunging, biting or striking, throwing, rocking, 
bipedal swagger, hunching displays, stamping, and slapping. Also includes spitting 
at or directing urine toward group or human observers. 
9. Play: Wrestling, chasing, tug-of-war, etc. with another orangutan and tumbling or 
swinging from tree branch. 
10. Reassurance/Affection: Embracing, patting, extending the hand or touching with 
hand or foot. 
11. Submission/Avoidance: Rapid flight away from a charging animal, bending away, 
bowing, bobbing, crouching. 
12. Groom other: Picking through the hair of another orangutan with the fingers or 
lips. 
13. Masturbate: Handling of the penis or scrotum in males or rapid, rhythmical rubbing 
of the vulvar area in females. 
14. Manipulate/Investigate: Handling, picking, poking, etc. with the fingers or lips; 
licking or sniffing an object or material, or visual inspection with the face close. 
15. Feed: Making chewing movements or placing an edible object in the mouth. 
16. Drink: Lapping up water directly or using the hand as a cup for water. 
17. Self-Groom: Attentive picking through the hair with fingers or mouth, or careful 
picking of the teeth, eyes, ears, or nose with a finger. 
18. Scratch: Any quick, casual drawing of the fingernails over the skin. 
19. Sun cover: Using portable objects, hands, or arms to shield body from the sun. 
20. Inspect: Intent manipulation of the vulvar area with the fingers or lips, or close 
visual/olfactory inspection of that area. 
21. Out of Sight: Individual cannot be spotted in the exhibit. 
22. Carried: When juvenile is secured by an adult during travel by being carried or 
riding, including clinging to adult at rest. 
23. Urination/Defecation: Voids bladder or has bowel movement. 
24. Other: Behaviors not categorized above. 
25. Unverified: When an individual may be observed and located, but their behavior is 
unverifiable. 
26. Wearing clothing: Wears human clothes with arms pulled through openings. 
27. Resting: When individual is only sitting, standing, lying, hanging or being carried. 
28. Traveling: Brachiating, walking, running, or climbing one or more meters. 
Ethogram collated from several studies accordingly: (Leger, 1977; Perkins, 1992; van 
Schaik et al., 2003; Descovich et al., 2011; Perdue et al., 2012). 
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Table 4. Schedule of observed enrichment activities and materials.  
Date Enrichment 
7/24/2013 Linens; shirts. 
7/24/2013 Linens; shirts. 
7/30/2013 Paper bags, shirts. 
7/30/2013 Paper bags, shirts. 
7/31/2013 Paper bags, paper buckets, clothes, and dolls. 
8/10/2013 Afternoon fruit broadcast. Linens; shirts. 
8/10/2013 Linens; shirts. Maintenance work. 
8/11/2013 Linens; shirts. Paper bags. Keeper talk; Cereal boxes with honey, produce, peanuts, ice pops, 
and monkey biscuits. 
 
8/12/2013 Clothes, plastic bowls. Keeper talk; Ice pops, peanuts, bananas, white potatoes. 
8/19/2013 Linens; clothes, plastic bowls, boxes. Keeper talk; Ice pops, frozen lemons, oranges, and 
bananas. World Orangutan Day. 
 
8/22/2013 Plastic dishware, cardboard. 
8/29/2013 Linens; T-shirts. 
9/02/2013 Linens, boxes, paper bags. 
9/13/2013 Toy letters, bags, clothes. Afternoon broadcast; Apples, carrots, frozen treats, pear, green 
peppers. Small square boards introduced into exhibit. 
 
9/13/2013 Toy letters, bags, clothes. Afternoon broadcast; Apples, carrots, frozen treats, pear, green 
peppers. Small square boards introduced into exhibit. 
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Figure 3. Photo of an adult female orangutan with her infant. 
Courtesy of Microsoft Office Clipart 2010. 
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Figure 4. Photo of an adult male orangutan (15 years+). 
Courtesy of Microsoft Office Clipart 2010. 
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CHAPTER 5: 
RESULTS 
 
The resulting density maps provided a clear picture of the most densely 
populated areas of the exhibit. Results also showed individual preferences of 
each orangutan in detail, demonstrating what activities the orangutans do 
most often, and how they interact. Likewise, they identified areas 
underutilized by the orangutans, which may suggest modifications to the 
enclosure to encourage usage. 
Interaction 
For primary interaction, defined as interacting through touch or 
communicating, the apes are listed in order of interaction levels, from most 
interaction to least (Table 5): DeeDee & Randee (22.06%), Josie and Hadiah 
(10.79%), Hadiah and Randee (4.8%), [Josie and Randee, Goyang and 
Hadiah, Goyang and Josie] (1.92%), and Goyang and DeeDee (1.44%). 
Goyang interacted with Randee the least (0.24%). Secondary interaction, 
defined as being within arm’s length of another ape, is list in order from most 
to least: Josie and Hadiah (7.67%), DeeDee and Randee (5.52%), Josie and 
Randee (3.84%), Hadiah and Randee (2.4%), and Goyang and Hadiah 
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(2.16%). Goyang and DeeDee interacted the least (0.24%) and Goyang 
interacted with Randee the second least (1.2%).  
For total interaction, listed from most to least (Table 5): DeeDee and 
Randee (27.58%), Josie and Hadiah (18.47%), Goyang and Josie (7.73%), 
Josie and Randee (5.76%), and Goyang and Hadiah (4.08%). Goyang and 
Randee interacted the least (1.44%), and [Goyang and DeeDee, Josie and 
DeeDee] interacted the second least (1.68%). All apes interacted with another 
ape in all categories. Silvery Langur monkeys were highly avoidant and 
interacted with only Randee <0.005% of the time (1 instance). Within the 
three categories of behavior, the most interaction occurred between the 
mothers and their daughters and the least interaction occurred between the 
male, Goyang, and other females. Josie spent more time physically interacting 
with and staying in arm’s length of Goyang than DeeDee. Three-dimensional 
point maps (Figure 6 a-b) depict similar locations of apes for primary and 
secondary interaction, with some distinct locations. 
Locomotion 
 The troop spent most of their time sitting (56.36%) and laying/sleeping 
(29.9%) (Table 6). Josie sat the most and Goyang sat the least (Table 6). 
Traveling was performed by Randee the most (9.9%) and Goyang the least 
(2.39%). Goyang was never observed as hanging, remained in plain view 
throughout most of observation, and spent the most time laying down 
(66.02%). Randee hanged, stood, and remained out of sight more than any 
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other troop member, was the only member carried by another, and spent the 
littlest time lying down (8.92%). Locomotion percentages according to crowd 
level were quite similar to one another and remained stable (Figure 5). There 
is a slight increase in sitting and decrease in lying/sleeping as crowd levels 
increase from absent to heavy. All apes stood for relatively similar percentages 
(0.44%-4.45%). 
Behavior 
Goyang displayed the greatest presence of resting behavior (Table 7) 
which was 151.37% higher than the troop average (50.01%). The next highest 
ranking behaviors were feeding (10.37%) and sun cover (8.05%). Josie and 
Hadiah performed sun cover most frequently (19.89%; 15.68%) and DeeDee 
and Randee manipulated and investigated items the most frequently 
(17.46%; 5.02%) and wore clothing the most (4.7%; 5.68%). Josie 
manipulated and investigated items the least often (0.86%). Hadiah groomed 
others the most (9.29%). 
Randee presented many of the typical traits of a juvenile orangutan and 
displayed the highest level of play (13.09%) (Table 7), the highest level of 
travel (9.9%), and the had the lowest combined total of lying and sitting 
(59.67%) (Table 6). Randee climbed to the highest perches of the exhibit and 
remained there enough to create a denser area in her map (Figure 8.e). 
Hadiah also spent some time in the upper portion like Randee (Figure 8.c), 
and Randee’s mother, DeeDee, remained at the upper rope walk for a brief 
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period (Figure 8.a). Hadiah the adolescent played 2.51% of the time and 
adults played 0% of the time. 
 The locations of troop behaviors show noticeable variation across 
categories (Figure 7). ‘Play’ mainly occurred in the main vertical structures 
and platforms of the exhibit and the access/exit gate. These areas are marked 
with structures that can be used to cling to and brachiate. Randee was often 
seen playing while hanging, and the corresponding percentages for those 
behaviors were similar (Table 6, Table 7). ‘Conflict’ had the least amount of 
points, while ‘consumption’ had the most. Behaviors such as ‘other’ and 
‘manipulate/investigate’ had a very random distribution.  
Randee obtained privacy by going to the top of the vertical structure. 
She spent considerable time in the same locations as her mother and exploring 
the exhibit. DeeDee spent a lot of time in the sand pit, keenly aware that 
Goyang was adjusting to the natural enclosure and avoiding soils. DeeDee had 
very low interaction numbers with Goyang and she noticeably avoided him 
during observation. ‘Affection/reassurance’ (Figure 7.a) occurred in 
overlapping areas of DeeDee and Randee about 3% of the time (Table 7). 
Hadiah played less, as well as being slightly less active than Randee. 
Sexual Behavior 
Goyang was introduced to the exhibit prior to the beginning of the study 
as the new virile male and was sexually active. He was reported to copulate 
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most mornings within the night house connected to the exhibit. Some days 
this occurred in exhibit if it did not occur inside. DeeDee was known to zoo 
staff as being uninterested in males, while Josie was reported to be much 
more favorable of males. Typically, copulation occurred between Goyang and 
DeeDee inside and occurred on exhibit <1% of the time and only once during 
the study. The copulation with the female was involuntary, which is 
occasionally the case with wild orangutans (Galdikas, 1981). 
Captive orangutan males are known to initiate copulation forcefully and 
on a daily basis (Nadler, 1977). This was also the case for Goyang, with sex 
usually occurring hidden from the public. Sexual activities occurred on the 
access platform, display window, and back wall of the enclosure. Josie 
displayed non-coital sexual behavior by ejaculating Goyang by hand and 
consuming the ejaculate (included in Josie’s copulation percentage at 0.28%). 
Goyang also inspected Josie’s genitalia at times. 
Density Mapping 
Locational data for the total observation time of each ape was used to 
calculate and render density maps. The maps depicted very different 
occupations of space using a rainbow color ramp. The “warmer” areas 
represent the denser ape locations. Densities occurred in different areas for 
each ape (aside from the access area where the apes typically converged while 
waiting or interacting with keepers). Denser areas are located at least a meter 
apart from one another. From field observations it was possible to predict what 
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locations would display hotspots. The density maps accurately represented 
these areas as well as showed continuous density clouds of less occupied 
areas.  
DeeDee’s densest areas occurred on an upper platform, a sandpit under 
a net on the lowest level, and near the access gate. Josie spent the most time 
against the back wall near a waterfall and the access gate. Hadiah spent the 
most time lying/sitting in a hammock, on a boulder platform near the 
waterfall, and the access gate. If the density of the juvenile orangutan 
(Randee) is compared to the densities of the remaining troop, it is clear that 
Randee has less hotspots and displays a greater distribution of points with the 
highest altitudes. Her most concentrated locations were a lower level net, 
middle level net, an upper level platform, sitting areas on the ends of 
horizontal beams, the highest rope walk, a low level rope walk, and the access 
gate.  
Goyang preferred to lay in a crevice in the back wall, on the main large 
mid-level platform in the vertical structure, and a stream valley in the middle 
of the exhibit. Goyang displayed the least amount of variation in distribution. 
Josie, Randee, and Hadiah spent the most time in the front of the exhibit at 
the display window, an area where the apes can safely interact with guests. 
The two youngest apes, Randee and Hadiah, spent the most time in the upper 
portion of the exhibit.  Hadiah also favored the hammock, which was sized 
more for younger apes. The juvenile, Randee, exhibited the most range within 
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the enclosure. Hadiah, the adolescent, exhibited slightly less, and the adult 
orangutans mainly remained on the sturdier and broader mid-level and 
ground-level surfaces.  
Table and Figures 
Table 5. Average percent of total observation time spent interacting. 
Primary Interaction 
 Randee Hadiah Josie DeeDee Goyang 
 x̄ (s) x̄ (s) x̄ (s) x̄ (s) x̄ (s) 
Randee 0.00 (0.00) 4.80 (1.05) 1.92 (0.67) 22.06 (2.03) 0.24 (0.24) 
Hadiah 4.80 (1.05) 0.00 (0.00) 10.79 (1.52) 0.24 (0.24) 1.92 (0.67) 
Josie 1.92 (0.67) 10.79 (1.52) 0.00 (0.00) 0.48 (0.34) 1.92 (0.67) 
DeeDee 22.06 (2.03) 0.24 (0.24) 0.48 (0.34) 0.00 (0.00) 1.44 (0.58) 
Goyang 0.24 (0.24) 1.92 (0.67) 1.92 (0.67) 1.44 (0.58) 0.00 (0.00) 
 
 
 
 
          
Secondary Interaction 
 Randee Hadiah Josie DeeDee Goyang 
 x̄ (s) x̄ (s) x̄ (s) x̄ (s) x̄ (s) 
Randee 0.00 (0.00) 2.40 (0.75) 3.84 (0.94) 5.52 (1.12) 1.20 (0.53) 
Hadiah 2.40 (0.75) 0.00 (0.00) 7.67 (1.30) 1.68 (0.63) 2.16 (0.71) 
Josie 3.84 (0.94) 7.67 (1.30) 0.00 (0.00) 1.20 (0.53) 5.52 (1.12) 
DeeDee 5.52 (1.12) 1.68 (0.63) 1.20 (0.53) 0.00 (0.00) 0.24 (0.24) 
Goyang 1.20 (0.53) 2.16 (0.71) 5.52 (1.12) 0.24 (0.24) 0.00 (0.00) 
 
 
 
 
          
Total Interaction 
 Randee Hadiah Josie DeeDee Goyang 
 x̄ (s) x̄ (s) x̄ (s) x̄ (s) x̄ (s) 
Randee 0.00 (0.00) 7.19 (1.27) 5.76 (1.14) 27.58 (2.19) 1.44 (0.58) 
Hadiah 7.19 (1.27) 0.00 (0.00) 18.47 (1.90) 1.92 (0.67) 4.08 (0.97) 
Josie 5.76 (1.14) 18.47 (1.90) 0.00 (0.00) 1.68 (0.63) 7.43 (1.28) 
DeeDee 27.58 (2.19) 1.92 (0.67) 1.68 (0.63) 0.00 (0.00) 1.68 (0.63) 
Goyang 1.44 (0.58) 4.08 (0.97) 7.43 (1.28) 1.68 (0.63) 0.00 (0.00) 
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Table 6. Average percent observation time spent performing locomotion. 
  DeeDee Josie Hadiah Randee Goyang 
Category x̄ (s) x̄ (s) x̄ (s) x̄ (s) x̄ (s) 
1 Travel 3.91 (02.90) 3.24 (05.42) 5.16 (04.08) 9.90 (09.61) 2.39 (03.20) 
2 Hanging 0.17 (00.66) 0.00 (00.00) 0.62 (01.64) 12.22 (12.12) 0.00 (00.00) 
3 Stand 0.85 (02.47) 0.44 (01.16) 3.18 (05.60) 4.45 (03.59) 2.27 (02.64) 
4 Sit 59.23 (20.61) 79.62 (17.26) 62.87 (19.23) 50.75 (17.48) 29.32 (23.00) 
5 Lying/ Sleeping 35.23 (20.05) 14.41 (15.32) 24.94 (16.84) 8.92 (09.15) 66.02 (24.26) 
21 Out of Sight 0.61 (01.39) 2.29 (02.82) 3.22 (06.27) 4.82 (04.32) 0.00 (00.00) 
22 Carried 0.00 (00.00) 0.00 (00.00) 0.00 (00.00) 8.95 (18.83) 0.00 (00.00) 
 
Table 7. Average percent observation time spent performing behaviors. 
 DeeDee Josie Hadiah Randee Goyang 
 Category x ̄ s x ̄ s x ̄ s x ̄ s x ̄ s 
6 Copulation 0.79 3.07 0.28 1.08 0.00 0.00 0.00 0.00 1.10 3.21 
7 Mount 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.61 
8 Attack/Display/ Threat 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.78 
9 Play 0.00 0.00 0.00 0.00 2.51 3.06 13.09 10.97 0.00 0.00 
10 Reassurance/ Affection 3.13 3.73 0.00 0.00 0.00 0.00 2.48 2.94 0.00 0.00 
11 Submission/ Avoidance 0.00 0.00 0.00 0.00 0.19 0.74 0.17 0.66 0.00 0.00 
12 Groom other 2.15 4.45 0.00 0.00 9.29 16.84 1.73 4.04 0.33 1.29 
13 Masturbate 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 Manipulate/ Investigate 17.46 14.15 0.86 2.23 3.90 8.41 5.02 5.72 2.09 4.01 
15 Feed 11.24 13.83 5.29 7.33 13.59 13.63 11.83 10.73 9.88 13.68 
16 Drink 0.30 1.17 0.00 0.00 1.31 3.01 0.17 0.65 0.00 0.00 
17 Self-Groom 2.35 3.68 0.20 0.76 4.01 6.42 0.31 0.85 3.07 4.80 
18 Scratch 0.00 0.00 0.43 1.15 0.67 1.77 0.56 1.61 0.17 0.65 
19 Sun cover 1.16 4.49 19.89 21.27 15.68 22.75 3.53 6.82 0.00 0.00 
20 Inspect 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.66 
21 Out of Sight 0.55 1.31 2.23 2.79 3.17 6.26 3.95 4.18 0.00 0.00 
22 Carried (Omitted) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
23 Urination/ Defecation 0.24 0.92 0.00 0.00 0.17 0.66 0.00 0.00 0.00 0.00 
24 Other 0.30 1.17 1.79 3.49 2.30 3.78 1.23 2.37 1.22 2.43 
25 Unverified 10.98 22.48 2.10 4.27 2.57 3.97 11.33 17.45 3.79 9.40 
26 Wearing clothing 4.70 12.67 0.00 0.00 0.53 2.07 5.68 10.11 0.00 0.00 
27 Resting 41.12 20.71 64.32 28.08 36.56 24.62 32.36 21.33 75.70 15.14 
28 Traveling 3.52 2.78 2.62 4.27 3.55 3.65 6.55 7.40 2.12 3.17 
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Figure 5. Percent locomotion per crowd category. Levels are classified 
as the number of people in front of the exhibit being Absent (0), Light 
(1-9), Moderate (10-19), or Heavy (20+). 
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Figure 6 (a-b). Aerial and 3D maps displaying troop interaction locations. 
Figure 6 (a). Primary Interaction: Interactions that involve physical contact 
and/or communication. 
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Figure 6 (b). Secondary Interaction: Interactions defined by being within 
arm’s length of another individual without touching or communicating.  
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Figure 7 (a). Aerial and 3D maps displaying ‘Affection’ locations. Some 
categories were consolidated in this map and subsequent maps. 
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Figure 7 (b). Aerial and 3D maps displaying ‘Conflict’ locations 
(Attack/Display/Threat, Submission/Avoidance). 
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Figure 7 (c). Aerial and 3D maps displaying ‘Consumption’ locations (Feed, 
Drink). 
  
40 
 
 
 
 
Figure 7 (d). Aerial and 3D maps displaying ‘Grooming’ locations (Groom 
other, Self-groom, Scratch). 
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Figure 7 (e). Aerial and 3D maps displaying ‘Manipulation’ locations 
(Manipulate/Investigate). 
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Figure 7 (f). Aerial and 3D maps displaying ‘Other behaviors’ locations (Sun 
cover, Urination/Defecation, Other, Wearing clothing). 
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Figure 7 (g). Aerial and 3D maps displaying ‘Play’ locations. 
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Figure 7 (h). Aerial and 3D maps displaying ‘Sexual behavior’ locations. 
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Figure 8 (a). Three-dimensional density map of DeeDee’s total locational 
observations rendered in Voxler. 
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Figure 8 (b). Three-dimensional density map for Goyang. 
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Figure 8 (c). Three-dimensional density map for Hadiah. 
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Figure 8 (d). Three-dimensional density map for Josie. 
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Figure 8 (e). Three-dimensional density map for Randee. 
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CHAPTER 6: 
DISCUSSION 
 
The aim of this study was to determine which areas of the orangutan 
exhibit were most occupied, how the orangutans spent their time behaving, 
interacting, and performing locomotion, and how this related to the exhibit 
environment (Table 5, Table 6, Table 7). This author also examined the 
viability of terrestrial laser scanning in creating a detailed 3D terrain model of 
the orangutan enclosure, as well as the viability of 3D activity mapping.  
Spatial Use 
The study showed success in the creation of density maps depicting 
orangutan location from the detailed constructed spatial-behavioral database 
(Figure 8). Behaviors showed variance related to age and personal preference 
among apes (Table 7). It is interesting how each individual developed a 
preferred location to occupy and how their locations are spaced more than a 
meter apart. This behavior could occur due to the preference for solitude by 
Pongo pygmaeus or a coping method to avoid conflict in a limited space. Since 
the apes are provided all the necessary meals they would normally obtain in 
their territories in the wild, maintaining small territories in the enclosure may 
be an instinctual byproduct. A study by Edwards and Snowdon had similar 
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results whereas the adult orangutans developed preferred areas, almost small 
territories, and the juveniles spent less time in any one location (1980). 
They considered that this behavior might increase with age, which is 
supported by Hadiah’s preference to a hammock outlined by high density. 
Hadiah displayed behaviors similar to Randee’s, but with less intensity as she 
continues to develop as an adolescent. Thorpe and Crompton found the 
distribution of orangutans in relation to height in the canopy in the wild was 
related more to plant support type and limb diameter and less with age-sex 
category, though adult females spent the most time in the lower canopy and 
subadult males and females spent more time in the upper canopy (2005). My 
results support this idea, given that the females spent far more time in the 
lower portion of the exhibit structure than did their offspring. It has long been 
thought that avoiding falls and having the best support contributes to the 
precautious locomotion of adult orangutans (Thorpe and Crompton, 2005). 
 Goyang clearly occupied grass-free and soil-free areas, remaining on 
suspended platforms and rock. He came from an artificial indoor enclosure in 
the Pittsburgh Zoo and was in the process of adjusting to his new open sky 
enclosure. This meant adapting to natural outdoor materials and conditions, 
e.g., grass, soil, streams, weather, et cetera. During this study he was never 
seen stepping foot on these materials, but he did increasingly inspect and feel 
the grass. Goyang was the only ape to look at the sky when it thundered 
before a storm. By the latter end of the study, he was noticeably more active. 
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His use of mainly two areas (Figure 8.b) may have been established to have 
a familiar and safe place to examine his new reality.  
Behavior and Distribution 
 Since Goyang was the only dominant male in this study and the females 
have lived alongside each other for many years, there may have been little 
reason for conflict. Goyang displayed only a few times. Still, he was seen to 
interact with Hadiah 4.08% of the time, most likely due to her adolescence 
and Hadiah’s increased interest in males. Results from a study by Poole 
indicated very low aggression or conflict levels in captive orangutans as well 
(1987). 
 The consumption map (Figure 7.c) depicts a broad and numerous 
dispersal of points. Possibly due to the orangutans removing themselves from 
more population dense areas to consume food, as well as removing the 
possibility of silvery langur monkeys obtaining it. The prior placement of foods 
by keepers also plays a role and is meant to be enriching by using different 
placements each day. All apes spent an average of 5.29%-13.59% of the time 
feeding (Table 7). If drinking is also factored in, the result is not far off from 
another study, where three adolescents spent 17%-20% of the time 
eating/drinking in captivity (Hebert and Bard, 2000). Randee and Hadiah were 
often spotted in the upper rope walk eating, where they were less likely to be 
interrupted by the heavier adults.  
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One study found that wild male orangutans can spend as much as 65% 
of their time foraging. They found that the prime adult male did the most 
foraging and least time traveling. Goyang also did the least traveling, but did 
not spend the most time foraging. He spent 66.02% of his time lying down, 
most likely due to the availability of food in captivity. It is a common 
occurrence for captive primates to forage less (Britt, 1998; Hosey, 2005). 
Goyang was also newly introduced to the exhibit, which most likely affected 
his behavior in some way. He was said to be very possessive of the female 
apes when he first arrived and it was thought to be a form of social coping. 
Initially, Goyang made sure a female went where he went. 
Play was most evident in Randee’s behavior, followed by Hadiah. Many 
studies found that younger orangutans played the most often and adults 
played very little, if at all (Edwards and Snowdon, 1980; Poole, 1987). In 
Poole’s study of captive orangutans, younger males and females played the 
most, adult females very seldom, and adult males played none of the time 
(1987). My results were similar, although the female adult orangutans did not 
play whatsoever. Close percentages of hanging and playing may indicate that 
more hanging structures could lead to increased play for the younger 
members. The remaining behavior maps suggest the orangutans are utilizing 
mostly every feature in the exhibit, depending on varying factors such as age, 
weight, task, and preference. 
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 Randee was often seen performing behaviors that were similar to her 
mother’s, DeeDee, such as the unique behavior “wearing clothing”. DeeDee 
and Randee scored the highest (4.7% and 5.68%) (Table 7). Josie did not 
perform this behavior and her daughter, Hadiah, only scored 0.53%. Wearing 
clothing, which means the apes had to pull their arms through the clothes, 
was most likely learned by Randee from her mother. Given that Hadiah’s 
mother did not wear clothing, it is possible Hadiah learned this from her half-
sister’s mother. Interestingly, Josie and Hadiah also shared a common 
tendency to perform sun cover (19.89% and 15.68%) (Table 7). Sun cover is 
when sun light is blocked using an object. In the wild, nesting orangutans will 
sometimes use leaves and branches to obstruct the sun. Primates are very 
observational in general, though the highly extractive foraging nature of 
orangutans is thought to cause increased capacity for observation of adults by 
immatures, which in turn, increases cultural complexity (Jaeggi et al., 2010). 
Here we see a strong exhibition of learning behavior and mimicry by the 
orangutan immatures.  
Female Cooperation 
 While mating was occurring between Goyang and DeeDee, Randee 
attempted to ward of Goyang. Josie intervened and took Randee by the 
shoulder and forcefully walked her away and then continued to restrain her. 
Goyang is tremendously virile for his age and could injure Randee with little 
effort. Josie’s total interaction with Randee was higher when compared to 
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DeeDee’s interaction with Hadiah (Table 5). Josie’s interaction with Randee 
may have to do with Randee’s juvenile age. The two daughters interacted with 
their mothers far more than they interacted with any other troop member. 
Though, the juvenile spent much more time interacting with her own mother 
than the adolescent (Hadiah), which is typical. The two youngest apes are 
actually half-siblings and are the offspring of Rango, who died in May, 2012 
from old age. It is unclear how this affects troop cooperation and interaction, 
if at all. Josie’s protective intervention to remove Randee from conflict 
demonstrated a mixture of female cooperative behavior and juvenile 
protective behavior. 
Sexual Behavior 
 The study spanned only two months and within this short amount of 
time the orangutans displayed various heterosexual behaviors (Figure 5.h). 
The results accurately reflect the keepers’ depiction of the adult females’ 
differing interest in males. Goyang, however, did not acknowledge preference 
or receptivity. Orangutans are marked with high sexual coercion and forced 
sexual copulation. This behavior is more pronounced in this species of primate 
than most (Knott et al., 2010). Any cooperation in mating with Goyang by 
DeeDee may have been a result of protecting the young. Studies have shown 
that a lack of sexual cooperation can lead to infanticide (Hrdy, 1979). It may 
have also played into the behavior of Josie’s protection and restraint of Randee 
during forced copulation of DeeDee (Randee’s mother). However, Knott et al. 
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found that “females modify their behavior in accordance to conception risk” 
(2010). 
Effects of Observation 
 The troop appeared indifferent to my presence. For most of the 
observation, they appeared uninterested in people, except for known treat-
bearers and keepers working for the zoo. In a recent study of captive 
orangutans, the results were very similar, in that the crowd levels did not 
greatly affect behavior until they exceeded 40 visitors, in which case begging 
for food occurred (Choo et al., 2011). When viewing orangutan locomotion 
according to crowd level, sitting increases and lying decreases as the crowds 
become more intense. There is also an increase in traveling and hanging with 
crowd intensity. The general trend in the bar chart (Figure 5) indicates that 
there might be a connection between crowd levels and activity, albeit it had 
little impact. “Keeper talks” also increased physical activity and crowd levels, 
even after the talk was over.  
The female orangutans arrived at the zoo in 1988 and the two youngest 
were born there (Table 1). This could affect behavior by desensitizing the 
effect of a crowd. Like with Choo’s results, the change from lying to sitting 
could mean the orangutans were more interested in larger crowds (2011). 
Goyang was new to the enclosure and his behavior reflected a social/physical 
acclimation to his new surroundings and troop as he spent the most time on 
a central large platform and back wall, indifferent to the crowd. However, 
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Goyang was very engaged with keepers during meal dispersal and curiously 
observed how the other apes could catch their meals. His past history of 
interaction with the audience from his previous institution is unknown.  
It is likely that the orangutans are more aware of the crowd than they 
appear and are quick to pick up on familiar staff that feed them, as well as 
individuals they dislike. DeeDee has been documented in the past as disliking 
a particular individual by throwing feces at him anytime he passed or drove 
by (French, 2010). On occasion, Josie, Hadiah, and Randee were observed 
interacting with guests at a display window. This involved pressing their face 
to the glass, palming the glass, and swaying along the pane. It appeared the 
apes enjoyed occasional interaction with guests as a form of enrichment and 
entertainment. They were also quite interested in maintenance work near their 
window. It was easy for the apes to produce bizarre reactions to their behavior 
by visitors at the window and could make for a stimulating pass-time.  
Exhibit Environment 
 A goal of this study was to understand how the exhibit shapes 
environmental use. After comparing 68 captive orangutan groups and 43 
captive gorilla groups in Europe, a researcher discovered that exhibit space 
had little effect on the activity levels of the group. The author found positive 
relationships between the number of stationary, temporary, and moveable 
objects, the number of ape members, and levels of activity (Wilson, 1982). 
While my study quantified location over time, it did not take into account a 
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movement category in the database, and thus did not measure activity levels. 
Still, the apes spent time in almost every part of the exhibit, excluding the 
moat. A later study claimed to refute Wilson, finding activity was due to 
collinearity, enclosure volume, and useable surface area (Perkins, 1992). It is 
difficult to assess which plays the most important role. A comparative study 
of other orangutan enclosures could shed light on this. 
 The most common features of the behavior and density maps are the 
occupation of the access gate and the lack of occupation of the front moated 
area of the exhibit. Studies of captive gorillas also showed a strong preference 
for sitting near access areas (50% of the time) (Ogden et al., 1993; Stoinski 
et al., 2001). Many zoo primates prefer their night house as opposed to their 
exhibit. It is most likely due to the cooler conditions (or heated), enrichment, 
resting areas, privacy, safety, meals, and keeper interaction of the night 
areas.  
There are not any structures in the moated area that can be used for 
brachiation or sitting, other than grass, in order to prevent any apes from 
making a leap onto the wall-side (Figure 4). In another captive orangutan 
study, three adolescent orangutans had been observed “sitting and reclining 
in the upper canopy” to avoid a flooded area 99% of the time, as they do in 
the wild (Hebert and Bard, 2000). My study’s orangutans were known by staff 
to avoid going into pools of water, which was highly evident. The base of the 
vertical structure was water-free and shaded while spanning roughly 11-12 
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meters tall, excluding the de-elevated moat system. The summer heat most 
likely affected behavior, such as seeking the shade of the vertical structure, 
performing sun cover, being more sedentary, and sitting near the waterfall. 
Comparing this data to a winter scenario might yield very different results. 
Species Cohabitation 
Three silvery langur monkeys (one male and two females) cohabitated 
the orangutan exhibit and were present for most of the study, with three days 
off exhibit (Table 2).The langurs avoided interaction with the orangutans. 
Langurs are arboreal specialists and remained in the upper portion of the 
exhibit and kept a considerable distance from the apes. Randee playfully 
confronted one langur during observation and the monkey left the area. 
Though highly avoidant, the langurs did not appear overly fearful of or 
aggressive toward the orangutans and were seen to casually cohabitate 
beams, platforms, and ropes. The langurs typically stayed out of arm’s reach. 
The dominant male langur displayed in front of Goyang when he was still a 
new member, but this resulted in the langur conceding upwards with little 
effort from Goyang. This occurred out of interval and was not recorded into 
the database. Had the langurs’ locations and behaviors been recorded, we 
could take a closer look at their cohabitation. Although orangutans and silvery 
langurs are sympatric, there is little evidence that they interact in their wild 
habitat. 
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CHAPTER 7: 
CONCLUSION 
 
This research was established in order to quantify and analyze: (1) how 
much time orangutans spent on each behavior, including interactions with the 
environment, props, silver langur monkeys, or one another; (2) the spatial 
locations most commonly occupied; and (3) which behaviors and interactions 
were most associated with each part of the artificial habitat. While LiDAR has 
been growingly available and manageable, it has had very little application to 
microcosmic analysis of captive animals. I was able to successfully use LiDAR 
through terrestrial laser scanning in order to map location and behavior of the 
Bornean orangutan exhibit and create detailed activity budgets. 
1. One main finding is that LiDAR and GIS methods do depict clearly 
where each orangutan occupied space. Clearly, the adults are more prone to 
staying in one spot in this particular captive setting, whereas younger apes 
appear were more agile and occupied space with less density over time.  
2. Sitting and lying were the most performed locomotive behaviors. 
Hanging was the least performed. The apes spent the most time feeding, 
manipulating/investigating, grooming, and displaying an absence of behavior. 
Other behaviors were performed <5% of the time. 
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3. Crowd levels did not appear to alter locomotive behavior to any large 
degree, other than an increase in sitting with crowd intensity. It was noted by 
Hosey that more research needs to be undertaken to truly understand how 
the crowd affects captive primate behavior (2005). There may be different 
reactions to the audience based on primate species, intelligence, and mental 
wellbeing/status. 
4. The orangutans highly preferred specific areas and the areas were 
occupied exclusively. However, they all favored the access gate area, which 
has been seen in other studies of great apes (Ogden et al., 1993). It was 
shown through density mapping they still use most of the exhibit as a group 
but avoid the moated area. Captive orangutans, and most captive and wild 
primates for that matter, avoid areas associated with standing water (Angus, 
1971; Hebert and Bard, 2000). 
5. The apes utilized most of the structured and rocky portion of the 
exhibit given enough time, and avoided areas associated with standing water. 
Future of Spatial-Behavioral Mapping of Primates 
While the most notable success of this study was density mapping, it 
has a long way to go. Laser scanning enclosures could enhance the 
management of primates as well as enhance their captive study. Captive 
primate studies have differed in the set interval of point data or behavioral 
collection. It is unclear whether interval length should be associated with 
62 
primate species complexity, speed, or activity levels (among other factors). 
The orangutans did perform activities in between intervals that could have 
enriched the dataset, such as Goyang waving away a langur, among other 
complex activities. 
It would have helped tremendously if features were coded and labeled 
within GIS prior to data collection. If this were done, it would be possible to 
quantify occupation of specific features with more accuracy, based on 
proximity or point labeling. Ethogram categories needed to be more 
streamlined to better depict the orangutans in future studies in order to 
manage the massive amounts of data. At the same time, the ethogram used 
for this study (Table 3) yielded categories that produced results with little or 
no percentage (Table 7). Different takes on behavior categories could lead to 
activity studies, movement studies, locomotion studies, which eventually can 
become overlapping and unclearly defined. Also, it was difficult to tell if an 
ape, i.e., DeeDee, was eating versus manipulating an object. Further 
investigation into the best type for density mapping research is needed. 
Again, data management becomes an issue. The database design used 
to show all of this data took a lot of input and it may be necessary to remove 
fields and streamline the database. A possible method of doing a time-of-day 
analysis is using accurate sun-shadowing effects for the digital replicas of the 
orangutan exhibit. Results may correlate more accurately with the apes’ use 
of the exhibit during summer studies. Unfortunately, more processing power 
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is needed. Our study used a simplified mesh of the actual point cloud acquired 
from laser scanning. If the exhibit were larger and far more complex, the mesh 
may have been too difficult to render and less accurate by removing points, 
and the mesh we used was already not fully representative of all features. 
Ropes had to be manually added, along with several logs. For these reasons, 
data processing may need stationed in a specialized computer for 3D 
rendering. Additionally, the 3D point grid, or vector plot, used and spaced at 
0.5m, which was difficult to navigate. If there were a way to adhere the points 
to surfaces then density clouds could be surficial and appear to be painted 
onto the exhibit. The GIS technology used did not have this capability to do 
this, as it was adapted for my research methods.  
While slightly over 2000 points were acquired, research would benefit 
from far more point data. Even with the points I had, quality density maps 
were created. Systematic accumulation of several thousand points over a year 
could show in greater detail the sort of behaviors and densities that occur, 
e.g., zoo events, primate deaths, staff increases, enrichment strategies, etc... 
Something of this nature would need a specialized GIS tool created to process 
results and find patterns. There was also the issue of combining the density 
clouds of the apes with the mesh of the exhibit due to program incompatibility 
and too few programs with 3D density cloud rendering capabilities. Software 
might need to be developed in conjunction with a hardware package that may 
streamline this sort of behavioral mapping for animal supervisors and zoo 
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biological researchers, so that they can easily render, access, query, and 
interpret spatial-behavioral databases.  
Stationary camera systems and sensors could also enhance accuracy of 
the observed behavior. While camera trapping is common in wildlife studies, 
camera monitoring of the apes in close/midrange proximity could help 
eliminate inaccuracies in data. Looking at the sports industry, a popular 
statistical package, STATS SportsVU, is a data-capturing camera system (or 
optical tracking system) that can produce several statistics, as well as density 
maps with XYZ positioning. The cameras correspond with proprietary software 
and have a streamlined interface to capture every movement and moment of 
the players, as well as track their identities (Maheswaran et al., 2012). While 
ape conservation does not have the excessive industry backing of sports 
entertainment, these technologies tend to become available for less cost later 
in time. One day, automated tracking in conjunction with laser scanning could 
explosively expand our understanding of the behavior of captive animals and 
help capture the complexity of captive great apes. 
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APPENDIX: 
ADDITIONAL TABLES 
 
 
Table 8. Weather details of the study. 
Weather Code Point Count 
Light Rain lr 15 
Overcast o 35 
Partly Cloudy pc 865 
Rain r 5 
Sunny s 1125 
Stormy st 40 
    
Average Temperature Minimum Maximum Standard Deviation 
86.841727°F 82°F 92°F 2.58271 
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Table 9. DeeDee’s activity budget percentages according to day (2013). 
 7/24 7/24 7/30 7/30 7/31 8/10 8/10 8/11 8/12 8/19 8/22 8/29 9/2 9/13 9/13 
1 5.0 0.0 4.5 0.0 6.3 9.1 5.1 0.0 3.8 7.3 6.7 2.9 0.0 3.1 4.8 
2 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 0.0 0.0 9.1 0.0 0.0 0.0 3.6 0.0 0.0 0.0 0.0 0.0 
4 90.0 33.3 77.3 100.0 75.0 54.5 43.6 38.1 53.8 43.6 33.3 50.0 52.5 71.9 71.4 
5 5.0 66.7 18.2 0.0 18.8 27.3 46.2 57.1 42.3 43.6 60.0 47.1 47.5 25.0 23.8 
21 0.0 0.0 0.0 0.0 0.0 0.0 2.6 4.8 0.0 1.8 0.0 0.0 0.0 0.0 0.0 
22                
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7                
8                
9                
10 0.0 8.3 4.3 4.8 0.0 4.5 12.5 4.8 0.0 0.0 0.0 2.9 0.0 0.0 4.8 
11                
12 10.0 0.0 0.0 0.0 6.3 0.0 1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 14.3 
13                
14 10.0 0.0 13.0 0.0 12.5 9.1 16.1 28.6 46.2 14.8 6.7 5.9 30.0 40.6 28.6 
15 5.0 8.3 8.7 9.5 0.0 31.8 5.4 7.1 7.7 47.5 0.0 29.4 5.0 3.1 0.0 
16 0.0 0.0 0.0 0.0 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17 5.0 0.0 0.0 0.0 6.3 0.0 1.8 0.0 3.8 0.0 0.0 5.9 0.0 12.5 0.0 
18                
19 0.0 0.0 17.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
20                
21 0.0 0.0 0.0 0.0 0.0 0.0 1.8 4.8 0.0 1.6 0.0 0.0 0.0 0.0 0.0 
23 0.0 0.0 0.0 0.0 0.0 0.0 3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
24 0.0 0.0 0.0 0.0 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
25 50.0 0.0 0.0 47.6 12.5 0.0 0.0 0.0 3.8 0.0 6.7 2.9 17.5 9.4 14.3 
26 0.0 0.0 0.0 0.0 12.5 0.0 48.2 0.0 0.0 9.8 0.0 0.0 0.0 0.0 0.0 
27 15.0 83.3 52.2 38.1 43.8 36.4 7.1 42.9 34.6 21.3 80.0 50.0 47.5 31.3 33.3 
28 5.0 0.0 4.3 0.0 6.3 9.1 1.8 0.0 3.8 4.9 6.7 2.9 0.0 3.1 4.8 
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Table 10. Goyang’s activity budget percentages according to day (2013). 
 7/24 7/24 7/30 7/30 7/31 8/10 8/10 8/11 8/12 8/19 8/22 8/29 9/2 9/13 9/13 
1 0.0 8.3 0.0 0.0 0.0 0.0 5.1 0.0 3.8 3.6 0.0 2.9 2.5 0.0 9.5 
2                
3 0.0 0.0 0.0 4.8 0.0 4.5 7.7 0.0 0.0 1.8 6.7 2.9 2.5 3.1 0.0 
4 15.0 8.3 0.0 9.5 25.0 86.4 64.1 26.2 46.2 16.4 26.7 17.6 32.5 46.9 19.0 
5 85.0 83.3 100.0 85.7 75.0 9.1 23.1 73.8 50.0 78.2 66.7 76.5 62.5 50.0 71.4 
21                
22                
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9 0.0 0.0 0.0 0.0 0.0 0.0 4.5 
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 
9                
10                
11                
12 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
13                
14 0.0 8.3 0.0 0.0 0.0 12.5 0.0 0.0 0.0 0.0 0.0 0.0 7.5 3.0 0.0 
15 0.0 0.0 0.0 0.0 0.0 33.3 0.0 9.5 34.6 32.7 0.0 11.8 5.0 21.2 0.0 
16                
17 10.0 0.0 0.0 4.8 12.5 4.2 12.8 0.0 0.0 1.8 0.0 0.0 0.0 0.0 0.0 
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 0.0 0.0 
19                
20 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
21                
23                
24 0.0 0.0 0.0 0.0 0.0 8.3 0.0 2.4 0.0 0.0 0.0 0.0 0.0 3.0 4.5 
25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33.3 0.0 17.5 6.1 0.0 
26                
27 85.0 83.3 100.0 95.2 87.5 41.7 79.5 73.8 61.5 65.5 66.7 85.3 65.0 63.6 81.8 
28 0.0 8.3 0.0 0.0 0.0 0.0 5.1 0.0 3.8 0.0 0.0 2.9 2.5 0.0 9.1 
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Table 11. Hadiah’s activity budget percentages according to day (2013). 
 7/24 7/24 7/30 7/30 7/31 8/10 8/10 8/11 8/12 8/19 8/22 8/29 9/2 9/13 9/13 
1 0.0 8.3 4.5 4.8 12.5 9.1 5.1 0.0 3.8 7.3 0.0 8.8 10.0 3.1 0.0 
2 0.0 0.0 0.0 4.8 0.0 4.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3 0.0 0.0 0.0 4.8 18.8 13.6 2.6 2.4 3.8 1.8 0.0 0.0 0.0 0.0 0.0 
4 70.0 83.3 40.9 85.7 50.0 50.0 71.8 71.4 42.3 56.4 80.0 29.4 77.5 43.8 90.5 
5 30.0 8.3 50.0 0.0 18.8 18.2 20.5 23.8 46.2 34.5 20.0 38.2 12.5 53.1 0.0 
21 0.0 0.0 4.5 0.0 0.0 4.5 0.0 2.4 3.8 0.0 0.0 23.5 0.0 0.0 9.5 
22                
6                
7                
8                
9 0.0 0.0 4.5 0.0 5.3 8.0 7.7 4.3 0.0 5.5 0.0 0.0 2.5 0.0 0.0 
10                
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 0.0 
12 42.9 0.0 0.0 52.2 0.0 0.0 0.0 0.0 0.0 0.0 20.0 0.0 10.0 0.0 14.3 
13                
14 0.0 33.3 4.5 4.3 0.0 4.0 5.1 4.3 0.0 0.0 0.0 0.0 0.0 2.9 0.0 
15 0.0 40.0 4.5 17.4 0.0 20.0 5.1 6.4 26.9 32.7 0.0 11.8 7.5 31.4 0.0 
16 4.8 0.0 0.0 4.3 10.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
17 0.0 6.7 0.0 4.3 15.8 0.0 0.0 0.0 3.8 0.0 20.0 0.0 0.0 0.0 9.5 
18 4.8 0.0 0.0 0.0 5.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
19 0.0 0.0 9.1 0.0 10.5 12.0 0.0 63.8 0.0 43.6 0.0 0.0 47.5 48.6 0.0 
20                
21 0.0 0.0 4.5 0.0 0.0 4.0 0.0 2.1 3.8 0.0 0.0 23.5 0.0 0.0 9.5 
23 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
24 4.8 0.0 0.0 8.7 10.5 8.0 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
25 0.0 0.0 9.1 0.0 0.0 0.0 0.0 6.4 0.0 0.0 0.0 2.9 12.5 2.9 4.8 
26 0.0 0.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
27 42.9 13.3 63.6 4.3 31.6 32.0 74.4 12.8 61.5 12.7 60.0 55.9 10.0 11.4 61.9 
28 0.0 6.7 0.0 4.3 10.5 4.0 2.6 0.0 3.8 5.5 0.0 5.9 10.0 0.0 0.0 
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Table 12. Josie’s activity budget percentages according to day (2013). 
 7/24 7/24 7/30 7/30 7/31 8/10 8/10 8/11 8/12 8/19 8/22 8/29 9/2 9/13 9/13 
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 11.5 12.7 0.0 14.7 2.5 0.0 0.0 
2                
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 0.0 2.9 0.0 0.0 0.0 
4 95.0 100.0 95.5 61.9 100.0 95.5 76.9 83.3 88.5 74.5 46.7 50.0 80.0 65.6 81.0 
5 5.0 0.0 4.5 38.1 0.0 0.0 17.9 2.4 0.0 7.3 46.7 26.5 17.5 31.3 19.0 
21 0.0 0.0 0.0 0.0 0.0 4.5 5.1 7.1 0.0 1.8 6.7 5.9 0.0 3.1 0.0 
22                
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.2 
7                
8                
9                
10                
11                
12                
13                
14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0 2.9 0.0 0.0 8.3 
15 0.0 0.0 0.0 0.0 0.0 16.0 0.0 0.0 15.4 13.6 6.7 2.9 0.0 20.6 4.2 
16                
17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 0.0 
18 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 3.8 0.0 0.0 0.0 0.0 0.0 0.0 
19 35.0 0.0 22.7 4.8 0.0 0.0 0.0 50.0 26.9 44.1 0.0 0.0 60.0 38.2 16.7 
20                
21 0.0 0.0 0.0 0.0 0.0 4.0 5.1 7.1 0.0 1.7 6.7 5.9 0.0 2.9 0.0 
23                
24 0.0 0.0 0.0 0.0 0.0 12.0 0.0 4.8 0.0 0.0 0.0 0.0 0.0 5.9 4.2 
25 0.0 0.0 0.0 0.0 0.0 0.0 5.1 2.4 11.5 0.0 0.0 0.0 12.5 0.0 0.0 
26                
27 65.0 100.0 77.3 95.2 100.0 68.0 87.2 28.6 34.6 28.8 86.7 76.5 25.0 29.4 62.5 
28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.1 7.7 10.2 0.0 11.8 2.5 0.0 0.0 
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Table 13. Randee’s activity budget percentages according to day (2013). 
 7/24 7/24 7/30 7/30 7/31 8/10 8/10 8/11 8/12 8/19 8/22 8/29 9/2 9/13 9/13 
1 5.0 0.0 18.2 0.0 31.3 27.3 5.1 4.8 3.8 10.9 0.0 11.8 10.0 15.6 4.8 
2 5.0 33.3 4.5 4.8 12.5 13.6 7.7 14.3 42.3 7.3 0.0 23.5 5.0 9.4 0.0 
3 5.0 8.3 0.0 0.0 0.0 0.0 5.1 0.0 3.8 7.3 6.7 8.8 7.5 9.4 4.8 
4 75.0 41.7 72.7 71.4 50.0 54.5 56.4 57.1 15.4 65.5 26.7 35.3 57.5 34.4 47.6 
5 0.0 8.3 4.5 9.5 0.0 4.5 15.4 19.0 30.8 9.1 0.0 5.9 0.0 21.9 4.8 
21 5.0 8.3 0.0 14.3 6.3 0.0 10.3 4.8 3.8 0.0 0.0 5.9 7.5 6.3 0.0 
22 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 66.7 8.8 12.5 3.1 38.1 
6                
7                
8                
9 5.0 16.7 13.6 0.0 6.3 16.7 22.2 24.0 41.2 16.7 0.0 8.8 15.0 10.3 0.0 
10 0.0 8.3 4.5 4.8 0.0 4.2 6.7 4.0 0.0 0.0 0.0 0.0 0.0 0.0 4.8 
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 
12 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.7 0.0 0.0 0.0 14.3 
13                
14 15.0 8.3 9.1 0.0 6.3 0.0 6.7 2.0 0.0 5.0 0.0 0.0 5.0 17.9 0.0 
15 0.0 41.7 4.5 9.5 12.5 12.5 4.4 6.0 2.9 23.3 0.0 17.6 17.5 15.4 9.5 
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.5 0.0 0.0 
17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.9 1.7 0.0 0.0 0.0 0.0 0.0 
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.0 0.0 0.0 0.0 2.6 0.0 
19 0.0 0.0 13.6 0.0 0.0 0.0 0.0 4.0 0.0 20.0 0.0 0.0 0.0 15.4 0.0 
20                
21 5.0 8.3 0.0 14.3 6.3 0.0 0.0 4.0 2.9 0.0 0.0 5.9 7.5 5.1 0.0 
23                
24 0.0 0.0 4.5 0.0 0.0 4.2 0.0 2.0 0.0 0.0 0.0 0.0 0.0 7.7 0.0 
25 50.0 0.0 0.0 52.4 25.0 4.2 0.0 6.0 0.0 0.0 6.7 5.9 12.5 2.6 4.8 
26 0.0 0.0 0.0 0.0 0.0 8.3 15.6 18.0 35.3 0.0 0.0 2.9 0.0 5.1 0.0 
27 15.0 16.7 40.9 19.0 18.8 29.2 42.2 26.0 8.8 25.0 86.7 50.0 35.0 10.3 61.9 
28 5.0 0.0 9.1 0.0 25.0 20.8 2.2 4.0 0.0 8.3 0.0 8.8 5.0 5.1 4.8 
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